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ABSTRACT 
 
 An experiment has been conducted to assess the effects of 
different rates of stocking densities, namely 8, 10, 12 and 14 birds/m2, 
on the performance of broiler chickens, under an open housing 
system. A number of 132 day-old unsexed broiler chicks, of a 
commercial strain (Ross 308), were used in a 6-weeks trial. The 
experiment was in the form of completely randomized design, had 4 
treatments (stocking densities) each replicated three times. All the 
experimental birds were fed on an experimental standard broiler diet 
meeting the NRC (1994) nutrients requirements for the broiler chick. 
 Records were kept for weekly feed consumption, live 
weight,live weight gain, feed conversion ratio and daily morality. At 
the end of the experiment representative samples of birds, from each 
treatment were slaughtered, and their dressing out percentages were 
determined, together with weight of hot dressed carcasses, liver, 
gizzard, shanks and abdominal fat. The collected data were subjected 
to analysis of variance to detect any statistical difference among the 
stocking density treatments. 
   The results indicated a progressive and significant reduction in 
feed intake (P< 0.05) with increasing stocking density of birds. This 
was accompanied by a marked decrease in live weight gain and slight 
improvement in feed conversion efficiency. The treatments did not 
show significant effects on carcasses dressing out percentages or 
organs weights, but had a marked decrease in abdominal fat.  
iv 
 ﺧﻼﺻﺔ اﻷﻃﺮوﺣﺔ
ﺩ ﺘﺄﺜﻴﺭ ﻜﺜﺎﻓﺔ ﺍﻟﻜﺘﺎﻜﻴﺕ ﻓﻲ ﺍﻟﻤﺘﺭ ﺍﻟﻤﺭﺒﻊ ﻋﻠﻰ ﺃﺩﺍﺀ ﻓﺭﺍﺭﻴﺞ ﻟﺘﺤﺩﻴﺃﺠﺭﻴﺕ ﻫﺫﻩ ﺍﻟﺘﺠﺭﺒﺔ 
  .ﺍﻟﻠﺤﻡ ﻟﻔﺘﺭﺓ ﻨﻤﻭ ﻗﺩﺭﻫﺎ ﺴﺘﺔ ﺃﺴﺎﺒﻴﻊ ﻓﻲ ﻨﻅﺎﻡ ﺍﻟﺤﻅﺎﺌﺭ ﺍﻟﻤﻔﺘﻭﺤﺔ
ﻋﻤﺭ ﻴﻭﻡ ﻤﻥ ﺴﻼﻟﺔ ﺭﻭﺯ ( ﻤﺎﺌﺔ ﻭﺍﺜﻨﺎﻥ ﻭﺜﻼﺜﻭﻥ ) ﻜﺘﻜﻭﺕ 231ﺍﺴﺘﺨﺩﻤﺕ ﻋﺩﺩ 
ﺒﻤﻌـﺩل  ﺔﻤﻌﺎﻤﻼﺕ ﻭﺜﻼﺜﺔ ﺘﻜﺭﺍﺭﺍﺕ ﻟﻜل ﻤﻌﺎﻤﻠ  ـ ﻭﺯﻋﺕ ﻋﺸﻭﺍﺌﻴﺎﹰ ﺇﻟﻲ ﺃﺭﺒﻌﺔ ( 803)
 ،ﺍﺴﺘﺨﺩﻡ ﺍﻟﺘﺼﻤﻴﻡ ﻜﺎﻤل ﺍﻟﻌﺸﻭﺍﺌﻴﺔ . ﻜﺘﻜﻭﺕ ﻓﻲ ﺍﻟﻤﺘﺭ ﺍﻟﻤﺭﺒﻊ 41 ﻭ 21، 01، 8ﻜﺜﺎﻓﺔ 
، ﺒﻤﺎ ﻴﻔـﻰ ﺒﺈﺤﺘﻴﺎﺠـﺎﺕ ﺍﻟﻘﻴﺎﺴﻴﺔ ﺍﻟﺒﺎﺩﺌﺔ ﻟﻔﺭﺍﺭﻴﺞ ﺍﻟﻠﺤﻡ  ﻜل ﺍﻟﻜﺘﺎﻜﻴﺕ ﺃﻋﻁﻴﺕ ﺍﻟﻌﻠﻴﻘﺔ 
    .  CRN(4991) ﺍﻟﻌﻨﺎﺼﺭ ﺤﺴﺏ 
 ﻭﺍﻟﺯﻴﺎﺩﺓ ﻓﻰ ﻜﻤﻴﺔ ﺍﻟﻌﻠﻴﻘﺔ ﺍﻟﻤﺴﺘﻬﻠﻜﺔ ﻭﺍﻟﻭﺯﻥ ﺍﻟﺤﻲ ﺴﺒﻭﻋﻴﺔ ﻟ ﺭﺼﺩ ﺍﻟﺴﺠﻼﺕ ﺍﻻ 
  .ﻭﻨﺴﺒﺔ ﺍﻟﻨﻔﻭﻕ ﺍﻟﻴﻭﻤﻰ ﻭﺍﻟﻜﻔﺎﺀﺓ ﺍﻟﺘﺤﻭﻴﻠﻴﺔ ﻟﻠﻐﺫﺍﺀ ﺍﻟﻭﺯﻥ
ل  ﺜﻼﺜﺔ ﻓﺭﺍﺭﻴﺞ ﻋﺸﻭﺍﺌﻴﺎ ﻤﻥ ﻜل ﻤﻌﺎﻤﻠﺔ ﺤﻴﺙ ﺘﻡ ﺘﺴﺠﻴ ﻓﻲ ﻨﻬﺎﻴﺔ ﺍﻟﺘﺠﺭﺒﺔ ﺃﺨﺫ 
 ﺫﺒﻴﺤﺔ ﻟﺘﺤﺩﻴﺩ ﻭﺯﻥ ﺍﻟﺫﺒﻴﺤﺔ ﺜﻡ ﺃﺨـﺫ  ﺍﻟﻭﺯﻥ ﺍﻟﺤﺎﺭ ﻟﻠ ﺍﻟﻭﺯﻥ ﺍﻟﺤﻲ ﻗﺒل ﺍﻟﺫﺒﺢ، ﻜﻤﺎ ﺃﺨﺫ 
 ﺍﻟﺒﻁﻥ، ﺜـﻡ ﺃﺨـﻀﻌﺕ ﺍﻟﺒﻴﺎﻨـﺎﺕ  ﺍﻟﻤﺘﺭﺴﺏ ﻓﻰ ﺩﻫﻥﺍﻟ ﻭﺍﻟﺴﺎﻕ ﻭ ﻘﺎﻨﺼﺔ ﺍﻟﻜﺒﺩ ﻭﺍﻟ ﻭﺯﻥ
 ﻟﺘﺤﺩﻴـﺩ )SSPS(ﺍﻟﻤﺘﺤﺼﻠﺔ ﻤﻥ ﺍﻟﺘﺠﺭﺒﺔ ﻟﻠﺘﺤﻠﻴل ﺍﻹﺤﺼﺎﺌﻲ ﺒﺎﺴﺘﺨﺩﺍﻡ ﻨﻅﺎﻡ ﻜﻤﺒﻴﻭﺘﺭ 
 .ﺃﻯ ﺇﺨﻴﻼﻓﺎﺕ ﺇﺤﺼﺎﺌﻴﺔ ﺒﻴﻥ ﺍﻟﻤﻌﺎﻤﻼﺕ
 ﻓـﻲ ﺍﻨﺨﻔـﺎﺽ ﻜﻤﻴـﺔ (p≤ 50.0)   ﻭﺠﻭﺩ ﻓﺭﻭﻕ ﻤﻌﻨﻭﻴﺔ  ﻋﻠﻰ  ﺍﻟﻨﺘﺎﺌﺞ ﺩﻟﺕ
ﺭﻭﺝ ﺒﺯﻴﺎﺩﺓ ﻋﺩﺩ ﺍﻟﻔﺭﺍﺭﻴﺞ ﻓﻲ ﺍﻟﻤﺘﺭ ﺍﻟﻤﺭﺒﻊ ﻭﻴﺼﺎﺤﺏ ﻨﻘﺼﺎﻥ ﺍﻟﻌﻠﻴﻘﺔ ﺍﻟﻤﺴﺘﻬﻠﻜﺔ ﻟﻜل ﻓ 
ﺍﻨﺨﻔﺎﺽ ﻤﻠﺤﻭﻅ ﻓﻲ ﺍﻟﻭﺯﻥ ﺍﻟﺤﻲ ﻭﺘﺤﺴﻥ ﻀﺌﻴل ﻓﻲ ﻤﻌـﺩل ﺍﻟﻤﺴﺘﻬﻠﻜﺔ ﻜﻤﻴﺔ ﺍﻟﻌﻠﻴﻘﺔ 
 ﻻﺘﻭﺠﺩ ﻓﺭﻭﻕ ﻤﻌﻨﻭﻴﺔ ﻓﻰ ﺍﻟﻭﺯﻥ ﺍﻟﺼﺎﻓﻰ ﻟﻠﺫﺒﻴﺤﺔ ﻭﺍﻷﻋﻀﺎﺀ ﺍﻟﻜﻔﺎﺀﺓ ﺍﻟﺘﺤﻠﻭﻴﻠﺔ ﻟﻠﻐﺫﺍﺀ، 
   .، ﻭﻟﻜﻥ ﻟﻭﺤﻅ ﺇﻨﺨﻔﺎﺽ ﻓﻰ ﻭﺯﻥ ﺍﻟﺩﻫﻥ ﺍﻟﻤﺘﺭﺴﺏ
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CHAPTER ONE 
INTRODUCTION 
 
 Stocking density has a major impact on animal production, as it 
affects productivity, animal welfare and farm profitability. This issue 
is of more importance to the poultry industry, which has been 
developed for high efficiency and productivity, and has been based on 
intensive systems of production utilizing large scale operations with 
large flock size under confinement and high stocking density.  
 High stocking density is associated with high profits, due to the 
spreading of the fixed costs, housing and equipment, over a large 
number of production units. On the other hand, high stocking density 
will impair the house environment, exert stress on the birds, and will 
have a negative influence on their health, productivity and welfare. 
  The broiler industry is most influenced by stocking density, as 
higher bird densities are being utilized worldwide to maximize  
profits. Recently, this practice has been greatly criticized for its 
negative effects on birds welfare, and therefore lower stocking 
densities have been advocated in place. This controversial issue of 
profit and bird welfare has not been resolved. However, some 
scientific evidence indicated that broiler welfare is influenced more by 
housing conditions and quality of management, than by stocking 
density (Dawkins et al., 2004). These housing conditions include 
ventilation, heating systems, litter management programmes, location 
of house and quality of management. It has also been indicated that 
improving these housing conditions, beside achieving better broiler 
welfare, will help to boost bird health and performance. 
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   It has been generally recognized that high stocking density 
would reduce broiler performance due to overcrowding of birds on 
floor space and around feeders and waterers. This has been shown to 
depress feed and water consumption and consequently reduces body 
weight gain, exerts stress on the birds, deteriorates litter quality, 
increases production of ammonia, reduces air quality, induces feather 
pecking and cannibalism, deteriorates carcass quality and predisposes 
to diseases. However, it has been indicated that many of these 
negative influences of high stocking density can be reduced or 
eliminated by adopting certain management practices, that may permit 
maintaining a reasonable stocking density with minimum impact on 
health and welfare of birds.  
 Appropriate broiler stocking density can not, thus, be precisely 
recommended without consideration to these numerous and variable 
factors, and to the issue of bird welfare. A great deal of research work 
has been performed to resolve this issue under the housing and 
management systems in temperate Europe and North America. This 
resulted in recommendations and certain guides of stocking density 
for broiler and other classes of poultry under controlled environment 
housing and high standard of management. Such information is, 
however, not available for the poultry industry in the tropics apart 
from the recommendations of the chick producing companies.  
 It is intended in this study, to assess the effects of different 
stocking densities on the performance of broiler chicken under open 
house system, which constitutes the major system of production in the 
Sudan.  
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CHAPTER TWO 
REVIEW OF LITTERATURE  
 
2.1 Stocking density: 
 Stocking density is an important element in poultry production, 
for its effects on productivity, health and welfare of chicken, beside its 
major economic implication. Commercial poultry producers are 
always tempted to increase the number of birds per unit floor area as a 
means to spread the cost of housing, equipment and labour over larger 
production units.  
Estevez (2007) indicated that stocking density has critical 
implications for the broiler industry, because higher returns can be 
obtained as the number of bird per unit space increases. Assigned 
densities have been primarily driven by cost-benefit analysis, but 
economic profit may be obtained at the cost of reduced birds 
performance, health and welfare if densities are excessive. These 
negative consequences are the primary reason for the increasing 
demands for setting guidelines that limit bird density allowances. 
 Published research work consistently indicates that the health 
and welfare of broiler chickens is compromised if space allowances 
drop below 0.06 to 0.07 m2/bird (equivalent to about 34 to 38 kg final 
body weight). Negative consequences include reduced feed intake, 
final body weight and feed conversion efficiency, beside greater 
incidence of foot-pad dermatitis, scratches, bruising, poor feathering 
and condemnations. A few studies have also revealed higher 
mortalities, tibial dischondroplasia and evidence of physiological 
stress.   
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 Stocking density has a major consequence for the health and 
welfare of broiler chickens. The quality of the environment, which has 
been largely underestimated, is a major factor in this respect. 
Advances in broiler welfare will be difficult to achieve unless some 
criteria for environmental quality are also established. 
 Probably the most important factors affecting performance, 
when broilers are placed at high density, are adequate feed and water 
space. All feeders and waters must be kept in top working order, with 
proper feeders and drinkers height, nipple height, and water reserves,   
and maintaining consistent air quality and house temperature. 
2.2 Determining stocking density:  
 Stocking density is calculated in various ways; sometimes it is 
regarded as the number of birds per unit floor area, or birds weight per 
unit floor area. Factors to be considered when determining stocking 
density, are limited to bird size, feeder space, drinker space, house 
dimension, bird breed, performance, economic return, and birds 
welfare. 
 On the other hand, it is up to each broiler company to determine 
the best level of density for the particular type of bird and type of 
housing. Density varies especially according to the size of the bird, as 
the birds grow bigger in terms of their target weight, they are given 
more floor space. 
Dawkins et al. (2004) reported that, the maximum density 
permitted in US is to ensure bird welfare. In other words, the 
determined stocking density is a point of compromising bird health 
and welfare. This is critical for the industry, as limitations on bird 
rearing densities will have a major economic impact. The number of 
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birds per unit floor area my be very different in different houses, that 
is because chicken houses can be managed differently, and may have a 
wide range of ventilation, heating systems, and litter management 
programmes. Therefore, it is difficult to establish a precise number of 
birds when recommending a limiting bird density. 
 To determine the optimum highest density that will maximize 
productivity while maintaining adequate welfare, we must consider a 
wide range of variables. Such variables are housing condition, 
available equipment, litter management, quality of daily care, season 
of the year, and house location. 
 Broom (2001) found that stocking density rate in environ-
mentally controlled houses during the grow-out period must not 
exceed 25 kg of final live body weight per m2, or not more than 12 
birds per m2. 
2.3 Effect of stocking density on broiler chickens performance:  
 Banks and Alee (1957) and Al Rawi and Craig (1975) observed 
high level of bird competition for essential resources, such as food and 
water, at high rearing densities. Under such situation, it becomes 
increasingly difficult for some birds, to reach the feeders, 
consequently feed intake per bird will tend to decline. In extreme 
cases, competition may result in the death of the weak individuals. 
This competition for resources is thought to be one of the main causes 
of the reduction in feed consumption and bird performance, which are 
commonly observed at high stocking densities. To minimize these 
negative effects, it is important to provide adequate feeding and 
drinking space per bird. Stocking density may affect birds 
performance and carcass quality even when the stocking densities are 
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not particularly high. Newberry and Hall (1990) reported that the 
broiler chickens have a strong tendency to rest in certain areas of the 
house, such as walls, corners, or around equipment that is left in the 
house. This typical spatial distribution takes place even when plenty 
of space may be available in the central areas of the house. 
 Numerous studies have demonstrated that increasing placement 
density of broiler chickens, approximating 2.4 to2.7 kg of final body 
weight per m2, adversely affects growth performance and carcass 
yield.  
       The same workers reported a linear decline in feed consumption, 
in 1.8 kg broiler chickens as the stocking density was increased from 
20 to 50 bird/m2; also the final body weight was reduced by 13 and 
20% respectively, as stocking densities increased from 40 to 50 
birds/m2. These stocking densities were much higher than that 
typically used in the US broiler industry. It was reported in the same 
study that, as the stocking density was increased from 9-13 birds/m2, 
the final body weight and cumulative feed consumption were reduced 
by 7.0 and 4.4%, respectively.  
 Bilgili and Hess (1995) reported that a 3.6% reduction in body 
weight at 49 days of age was obtained as the stocking density was 
increased from 10 to 13 birds/m2. In another study, Puron et al. (1995) 
found a 2.3 and 3.5% reduction in body weight in 49 day old broiler, 
and in cumulative feed consumption respectively, as the stocking 
density was increased from 10 to 12 birds/m2. 
In the same study, the depression in body weight gain due to 
increased stocking density, was attributed to the reduction in feed 
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consumption due to limited physical access to feeders as the stocking 
density was increased, leading to reduced feed consumption. 
Dozier et al. (2005) reported that increasing the stocking 
density above 30 kg of body weight/m2 of broiler adversely affected 
growth rate, feed consumption and feed conversion ratio calculated at 
28 days of age. Final body weight gain, feed consumption and 
nutrients utilization were also negatively impacted by high stocking 
densities calculated at 35 days of age. The incidence of total mortality 
was not affected by stocking density treatment. 
Feddes et al. (2002) reported that as stocking density was 
increased from 14 to 18 birds/m2, cumulative body weight and feed 
consumption were decreased by 3.6 and 3.2% respectively with 
broiler weighing approximately 1.9 kg. Lower body weights values 
occurred also with decreasing stocking density from 14 to 11 birds/m2.  
Bolton et al. (1972) and Hughes and Elson (1979) reported that 
both weight gain decreased and feed conversion improved as the floor 
space allowance decreased to 0.046 m2/ bird (21.5 birds/m2). 
Ringer (1971) found the optimum spaces allowance for broiler 
chickens is 0.45 to 0.06 m2/bird, while Soares et al. (1991) found that 
the optimum space allowance for male broiler chickens is 0.059 m2 
(17 birds/m2) and 0.035 m2 (19 birds/m2) for female broiler chickens 
in the commercial stocks.  
Although it is well established that growth rate declines as 
stocking density increases, it may pay to sacrifice some growth to 
obtain maximum returns per square meter of floor area.  
 Estevez (1994) and Cornetto et al. (2002) reported that high 
bird density will result in reduced resting times and increased 
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incidence of bruising and skin scratches that can easily become 
infected, and would increase the risk factor for the development of 
scabby hip syndrome. Estevez et al. (1997) found that this bird 
behavior will result in reduced bird performance and poor product 
quality, particularly if disturbances tend to occur towards the end of 
the rearing period. 
 On the other hand, when the space allowance was greater than 
0.039 m2/bird there was no effect on live weight, feed consumption 
and feed conversion ratio at 10 weeks of age. A decrease in space 
allowance from0.093 to 0.047 m2/bird was accompanied by reduced 
final live weight and feed consumption and increased efficiency of 
feed conversion.  
 Shanawany (1988) reported that for controlled environment 
systems, the optimal number of growing broilers per unit floor area 
ranges from 18 – 22 birds/m2, and that an increase above 27 birds/m2, 
would result in reduction in body weight and would adversely affect 
carcass quality.  
2.4 Factors affecting stocking density:  
 In recent years, poultry producers and integrators have made 
many improvements to the broiler production environmental 
conditions that improved bird health and nutrition. These improve-
ments are consistent with the economic needs of the industry for high 
productivity, profits and chicken welfare. These improvements 
include the use of  cool cell system to keep the temperature in the 
grow out house from reaching levels that cause heat stress. Since the 
first reaction of the birds to heat stress is to reduce eating, controlling 
the temperature keeps the birds more comfortable and eating well.  
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 Tunnel ventilation system is also used to improve the 
atmosphere in the broiler houses by removing ammonia, which is also 
good for the birds overall welfare and reducing the occurrence of 
common diseases of chicks.  
 The improvements also include the use of nipple drinkers which 
deliver clean water to the chickens, and results in much less water 
spillage on to the litter, helping to keep it dry. Dry litter means far 
fewer foot problems, since wet litter leads to ammonia burns on the 
chickens feet. Clean water, of course, helps limit the transmission of 
bacteria. 
Other steps taken to improve flock management, include more 
efficient feeding systems, microprocessor control of equipment, litter 
treatments and lighting programmes. All these technological 
developments make the grow out house environ-ment more 
comfortable for broilers.  
2.5 Relationship between stocking density and welfare in 
chickens: 
Dawkins et al. (2004) reported that the broiler welfare was 
assessed through measurements of mortality, physiology, behaviour 
and health; with emphasis on leg health and walking ability. There are 
many scientific studies available that point to reduced stocking 
densities as means, to improved welfare for broiler chickens. Broom 
(2001) found that increasing bird density above 25 kg/m2 will increase 
the mortality, reduce calm behaviour and make the finding of sick and 
injured birds more difficult.  
The traditional view of the relationship between stocking 
density and bird welfare is that they tend to be negatively correlated, 
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particularly at higher stocking densities. This perception, however, is 
heavily influenced by relatively old husbandry techniques (e.g. bell 
drinkers, inefficient ventilation systems, and poor diets. However, 
when using modern husbandry techniques the relationship between 
stocking densities and welfare becomes less clear-cut. 
Feddes et al. (2002) reported that in a study where stocking 
density varied from12 to 24 bird/m2, body weights were lowest at 
highest stocking density, and there was no effect on mortality, breast 
yield, carcass grading, incidence of scratches, or carcass quality. 
However, the feed intake per bird decreased as stocking density was 
increased. McLean et al. (2002) presented similar data showing that 
when chickens were stocked at 28, 34 and 39 kg/m2, there was a linear 
decrease in feed intake with increasing stocking density during the last 
week of life (6th weeks). 
Dawkins et al. (2004) conducted one of the most extensive 
appraisals todate into the effect of stocking density on chicken 
welfare, based on 2.7 million birds and the involvement of ten major 
chicken producers. They concluded that differences in the 
environmental condition within the poultry building had more impact 
on welfare of chicken than had stocking density itself.  
 The Report of Commission's Scientific Committee on Animal 
Health and Welfare (SCAHAW, 2000) stressed that the maximum 
stocking density must be 25 kg/m2 or lower for avoiding major 
welfare problems. Other scientific studies, showed that at high 
densities there is an increased incidence of leg problems, and wet dirty 
litter which leads to greater incidence of hock burns, breast blisters 
and foot pad dermatitis. In addition, at high densities, bird rest is 
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disturbed, and activity, such as locomotion and ground pecking, is 
reduced. Hall (2001) compared the effect of two stocking densities  
(34 kg/m2 and 40 kg/m2) on welfare and behaviour in birds kept under 
commercial conditions. The study revealed that at the higher densities, 
daily mortality was higher from around day 24 to slaughter age, and 
there was a greater incidence of leg problems, contact dermatitis, 
carcass bruising and decreased locomotion and ground pecking.  
In addition, cost benefit models can be helpful in decision-
making when trying to determine the right balance between 
productivity and welfare, as the rearing birds stocking density in 
poultry houses is increased, the health and performance of the birds 
will slowly deteriorate. If the stocking density continues to increase, it 
is likely to reach inflection point where further density increments will 
produce a more severe reduction in performance or health status. 
2.6 Economic importance of stocking density: 
Stocking density has major economic implications for the 
broiler industry, as higher profits can be obtained, when more broiler 
are housed under one roof. 
Richard (2005) found that getting the stocking density right is 
important to the farmer to ensure proper return on this investment, to 
the integrator to meet its production targets. It is sometimes said that a 
lower stocking density, fewer chickens in the house, is better from a 
welfare point of view.  
2.7 Uneven birds distribution: 
 Broiler chicken have strong tendency to rest around walls, 
corners, migration barriers, or near equipment. If the birds are not 
uniformly distributed, it becomes very difficult to take full advantage 
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of the heat the birds are producing. The reason for this is that in a 
sense you are running more brooder heaters in one end of house than 
in the other parts. You will, therefore, have surplus of heat in one end 
and deficit in the other, which results in one end of the house 
becoming too warm, while the opposite end is too cool. 
 In order to optimize weight gain and feed conversion of birds, it 
is very important that uniform density be maintained. Numerous 
studies have shown that as birds density increases, bird performance 
decreases. For instance, a study conducted by Ubrun university 
showed that just increasing the stocking density from 0.9 square feet 
per bird to0.8 square feet per bird, decreased bird weight from 5.88 to 
5.77 lbs and increased feed conversion from 1.85 to1.88 lbs of gain 
(Poultry Housing Tips, 2001).   
 Estevez (2005) found that the uneven distribution of  birds 
within facilities houses, may have important negative welfare 
consequences, even at relatively low rearing densities. These 
consequences may include: 
1. Reduced air quality. 
2. Increasing the risk of mortality. 
3. Litter quality could be reduced in the highly used areas, which 
may result in an increased incidence of contact dermatitis.  
Bird distribution can be improved by maintaining homogeneous 
temperature, ventilation and lighting throughout the houses. 
2.8 Impact of stocking density on litter quality and ammonia 
production: 
 Dawkins et al. (2004) reported that house environmental 
conditions had more direct impact on broiler production and welfare. 
These workers emphasized that litter moisture and production of 
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ammonia would have the greatest effect on the quality of air and 
consequently on bird health, carcass defects and production of 
corticosteroids, a stress hormone. 
At high rearing densities the litter may become easily wet,        
a result of larger deposits of dropping content, spilled water and 
inadequate ventilation. Excessive moisture, in conjunction with high 
temperature promotes bacterial growth, which will decompose the 
organic material producing ammonia in the process, which is highly 
irritant and toxic gas (Kristensen and Wathes, 2000). These two 
factors, ammonia and wet litter combined, are responsible for large 
number of bird density related welfare and quality problems, such as 
increasing incidence of contact dermatitis in broilers. 
 Litter quality tends to deteriorate, through wetness and caking, 
quickly at high stocking density, and consequently affects broiler 
health and performance. Adverse litter conditions cause foot pad 
lesions and other carcass defects. Malone and Martin (1997) found 
broilers reared at 0.70 ft2/bird had twice the incidence of foot pad 
lesions by 21 days of age, compared to densities from 0.77 to 1.13 ft2. 
To minimize these problems, it is recommended that ammonia 
levels should not exceed 20 ppm (Whates, 1998). Best management 
practices to maintain good litter quality and low ammonia levels 
include: good litter quality and use of diets that reduce the dropping 
level of uric acid and proteins, use of nipple drinkers, and maintaining 
bird densities in accordance with the building ventilation capacity. 
Use of litter material with high water holding capacity, removal of 
caked litter and minimization of overdrinking in breeders by provision 
of pecking substrates.  
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 Czarick and Fairchild (2003) found many factors that can 
contribute to the wet litter condition. These include wet or poor 
bedding quality, inadequate litter depth, deteriorated house cooling 
pads and poor site drainage. 
 Wet litter also promote bacterial growth, coccidial challenges 
and disease risk. Poor litter condition, reduces access to feed and 
would increase demand for fresh air. Stayer et al. (1995) found 12 
times more coccidian oocysts of feaces in poor litter compared to 
good litter condition.  
Reece et al. (1981) reported that birds reared at a lower 
stocking density, will be exposed to less ammonia and will likely be 
healthier, grow faster and have higher performance rates. 
 Ideally, litter should be managed to have approximately 25 
percent moisture. Donald et al. (2004) reported that management of 
drinkers and ventilation systems is critical in maintaining proper litter 
condition. Controlling better litter condition and air quality is best 
achieved by using nipple drinkers, tunnel ventilation and evaporative 
cooling pads.  
2.9 Health implication for higher stocking density: 
  The broiler chicken of today is truly remarkable. The superior 
genetic constitution has resulted in increased body weight gain, 
increased meat yield and increased efficiency of feed utilization.  
 Stewart and Ritchie (2006) reported that the health implication 
of higher stocking density in broiler production are significant and 
must be taken into account with increased density, as feed and water 
will become more difficult to be accessable to each bird. This will 
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lead to reduced performance of each normal bird. Furthermore, birds 
which may only have a marginal disability will become less able to 
compete for these resources as the stocking density rises.  
 Poor litter conditions, associated with higher moisture content, 
occur with higher stocking densities. Higher litter moisture will 
increase the concentration of pathogenic organisms, reduce access to 
feed containing anticoccidial and antibacterial agents, together with 
increased exposure to oocysts, and also exacerbate leg disorders. 
Poorer litter conditions will also increase demand for fresh air and 
vital oxygen, and may result in an increased incidence of pulmonary 
and cardiovascular diseases. The ability to vaccinate birds via drinking 
water will also be impaired by increasing the stocking density. 
   Increased stocking densities will increase stress. Increased 
stress will manifest itself in many ways, most commonly in a 
reduction in overall performance. It will also result in an increased 
susceptibility to the common broiler diseases in a given geographical 
area, and may open the door to new re-emerging diseases.  
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CHAPTER THREE 
MATERIALS AND METHODS 
 
 The present experiment was conducted during the period 20 
April to 5 June, 2007 in the Poultry Unit, Faculty of Animal 
Production, University of Khartoum. It was in the form of a trial with 
broiler chicken consisting of 4 treatments of varying stocking 
densities, namely 8, 10, 12 and 14 chicks per square meter floor area. 
3.1 Experimental birds and management:  
 The experiment was carried out in an open deep litter house, 
constructed of iron posts, corrugated iron sheets roofing, wire netting 
sides and concrete floor. The long axis of the house extends east to 
west to facilitate natural ventilation. The house consisted of 12 
experimental pens, each of one square meter area. The floor area was 
covered with dry wood shaving used as litter material to a depth of 4 
cm. Each pen was provided with one tube feeder and a fountain 
waterer, that were filled with feed and water all the time. The light and 
heat were provided by a 60 watt electric bulb hanged up in the ceiling. 
Continuous light was provided throughout the 6 weeks experimental 
period.  
 The experimental house and equipments were thoroughly 
cleaned and disinfected a week before the start of the experiment. 
 A number of 150 day-old unsexed broiler chicks of a 
commercial strain (Ross 308) were purchased from a local hatchery 
(Coral Co.) and used for the experiment. The chicks were visually 
inspected for health and vigour, and the weak unhealthy chicks were 
discarded. A number of 132 chicks, from the remaining birds, were 
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selected and randomly allocated into the 12 experimental pens, at the 
rate of 8, 10, 12 or 14 chicks per pen. This gives three replicates for 
each treatment in a completely randomized experimental design. 
 All the experimental birds were fed on an experimental standard 
broiler starter diet formulated from the local feed ingredients 
commonly used for poultry feeding. The diet meets the NRC (1994) 
nutrients requirements for the broiler chick. 
 The ingredient formulation of the experimental diet is shown   
in table (1) and the calculated and proximate analyses are shown in 
table (2). 
3.2 Experimental procedure: 
 On arrival of chicks, clean water with added sugar was provided 
to help reduction of the transportation stress. A number of 132 chicks 
were selected and randomly allocated into the 12 experimental pens 
according to the predetermined stocking densities and replications. 
The birds in each pen were weighed to determine the mean initial 
body weight for each treatment. The birds were then offered feed and 
water adlibitum. 
 Weekly mean feed consumption rate was determined for each 
pen by subtracting the amount of the remaining feed in each feeder at 
the end of each week from the quantity of the feed offered during the 
week. The birds in each pen were also weighed at the end of each 
week to determine the mean weekly live weight, and the mean weekly 
live weight gain was calculated. The mean weekly feed consumption 
rate and mean weekly live weight gain were used to calculate the 
mean weekly feed conversion ratios, as the weekly amount of feed 
consumed (g/bird) divided by the weekly body weight gain (g/bird).  
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Table (1): Ingredient formulation of the experimental diet. 
Ingredient Percent 
Sorghum grain 63.0 
Decorticated groundnut meal 15.0 
Sesame meal 14.0 
Super concentrate* 5.00 
Di-calcium phosphate 1.25 
Common salt 0.25 
L-lysine 1.0 
DL-methionine 0.5 
 
* Super concentrate contained the followings per kilogram: CP: 32%, ME: 
1900 kcal/kg, Lysine: 11%, methionine: 3%, Ca: 10% and P: 4%. 
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Table (2): Calculated and proximate chemical analysis of the experimental diet 
Item Content (%)
ME (kcal/kg) ** 3176 
Crude protein (N% x 6.25)% 22.99 
Lysine (%) 1.13 
Methionine (%)  0.53 
Calcium (%) 1.15 
Calculated 
analysis* 
Av. Phosphorus (%) 0.69 
Dry matter  95.68 
Crude protein 22.40 
Ether extract 4.50 
Crude fiber 5.30 
Nitrogen free extract 55.26 
Proximate analysis 
Ash 8.22 
 
*: The calculated analysis of diet was made according to the table of the nutrients 
composition of Sudanese animal Feed, Central Research Laboratory, Kuku 
(1994) 
**: Metabolizable energy (ME) was determined according to the equation 
derived by Lodhi et al. (1976). 
ME= 1.549 + 0.102 Cp% + 0.275 EE% + 0.148 NF% - 0.034 Cf % x 2.39 
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 At ten days of age, all the experimental birds received the first 
dose against Newcastle disease, using cloncl 179 (live vaccine). In the 
second week of age, they were vaccinated against Gumboro disease. 
After three weeks, the birds received the second dose of Newcastle 
vaccine using Lasota strain. All the vaccines were administered via 
drinking water, and after each vaccination the birds were given 
supportive dose of multivitamins (introvit + vitalyte) in drinking water 
for 5 days to safeguard against vaccination and heat stress. The birds 
were also given antibiotics in drinking water (Colimicina) to prevent a 
suspected infection of Chronic Respiratory Disease (CRD), and 
received Amprolium (anticoccidia) in drinking water (100 gm per 200 
litter of water) for 5 days. 
 Maximum and minimum ambient temperature of experimental 
house was daily recorded, and it ranged from 33 to 45oC.  
 Mortality was recorded daily for each pen and the average 
mortality rate for each treatment was calculated for the whole period 
of experiment. 
 At the end of the experiment, three chickens from each replicate 
(pen) were randomly selected and their individual live body weight 
was determined. They were then manually slaughtered using a sharp 
knife. After complete bleeding, they were scalded in hot water of 65oC 
temperature. They were then defeathered, eviscerated and the head 
and legs from the shanks were removed. The hot dressed carcass 
weight of each bird was then recorded and used to determine the 
carcass dressing out percent. The liver, gizzard, shanks and abdominal 
fat from each slaughtered bird were separated and weighed 
individually.  
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3.3 Statistical analysis:  
 The data obtained was subjected to analysis of variance (one-
way ANOVA) according to (SPSS) computer programme, using a 
completely randomized design. The differences among treatments 
means were tested for significance using Duncan's multiple range test.  
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CHAPTER FOUR 
RESULTS 
 
 The overall performance of the experimental birds at the 
different stocking densities is summarized in table (3). It can be seen 
that the total feed consumption was progressively and significantly 
(P< 0.05) reduced with increasing stocking density of the experi-
mental birds. 
 The highest total feed consumption (2715 g/bird) was attained 
by the birds reared on the lowest stocking density (8 birds/M2) and the 
lowest total feed consumption (2209.5 g/bird) was attained at the 
highest stocking density (14 birds/M2) (Fig. 1). 
 The mean final live weight of the experimental birds followed 
the same pattern of total feed consumption. It decreased progressively 
as the floor area per bird was reduced. The decrease in final live 
weight was, however, slight and did not attain statistical significance 
among the experimental treatments. 
 The live weight gain (Fig. 2) and feed conversation ration of the 
experimental birds was similarly showed decreased in progressive 
manner by increasing the stocking density; but the decrease did not 
attain statistical significance. 
The mortality rates of the experimental birds are shown in 
table (3). They can be seen that high mortality rate was recorded in the 
birds under stocking density treatment of 12 and 14 birds/m2. 
However, this mortality can not be attributed to high stocking density 
alone is it happened during adaptation or experimental period of 
sudden of high house temperature, reaching about 45oC. 
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Table (3): The effect of stocking density on the performance of the 
experimental bird (6 weeks). 
Parameter Treatments S.E. 
Number of birds           
per M2 8 10 12 14 - 
Initial body weight   (g) 45.72 45.66 46.94 46.9 - 
Total feed consumption (g) 2714.7d 2464.9c 2381.2b 2209.5a 13.15*
Final live weight      (g) 1449.9 1429.1 1399.5 1382.1 8.53NS 
Live weight gain      (g) 1404.2 1384.3 1352.5 1335.2 7.83NS 
Feed conversion ratio        
(g feed/g. weight gain) 1.9 1.8 1.7 1.6 0.16
NS 
Mortality (%) 12.5 0 16.6 14.3 2.62NS 
Total cost of feed consumed 
per bird (SDG) 3.0 2.74 2.64 2.47 - 
 
- Values are means/treatment/6 weeks. 
- Means in the same row with different letters are statistically significant. 
- *= Statistically significant (P< 0.05). 
- N.S. = Not statistically significant. 
- SE = Standard error of the means. 
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Fig. (1): Effect of stocking density on total feed consumption        
(g/ bird/6 weeks) of the experimental birds. 
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Fig. (2): Effect of stocking density on the live weight gain 
(g/bird/6weeks) of the experimental birds.                                            
 
 
 
 
 
 26
 The total cost of feed consumed (Sudanese Guinea per bird) 
during the experimental period indicated that the highest feed cost  
(3.0 SDG) was attained by the birds under the lowest stocking density, 
whereas the lowest cost (2.4 SDG) was attained with the group under 
the highest stocking density.  
 The weekly feed consumption rate of the experimental birds is 
shown in table (4). It can be seen that although feed consumption  rate 
was progressively increased with increasing age, it was progressively 
reduced with the increase in the stocking density of the experimental 
birds with exception of the first week, the decrease in feed intake as 
the result of increasing stocking density was statistically in significant 
(P< 0.05). 
  Table (5) shows the weekly live weight of the experimental 
birds. This parameter followed the same pattern as that of the weekly 
feed consumption rate.  
The mean weekly live weight gain is shown in table (6). It 
followed the same patterns of weekly feed consumption and weekly 
live weight. It was weekly increased with increased feed consumption 
and growth rate, and it was reduced with the increased stocking 
density. 
The mean weekly feed conversion ratio is shown in table (7). It 
can be seen that this parameter was improved, but not consistently, by 
increasing the stocking density. 
Table (8) shows the mean values of hot carcass weight, dressing 
percentage and weight of abdominal fat, liver, gizzard and shanks. It 
can be seen that all these parameters were not statistically affected by 
the stocking density rate, except for liver and shanks.  
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Table (4): The effect of stocking density on mean weekly feed 
consumption of the experimental birds (g/bird/week). 
 
Treatments Week 
8 10 12 14 
S.E. 
1 153.16d 123.33c 80.52b 61.90a 28.48* 
2 159.20 171.66 140.00 134.73 18.68NS 
3 337.85 285.00 279.14 208.33 15.80NS 
4 497.91 504.33 495.80 450.00 7.97NS 
5 679.167 661.660 573.60 546.600 40.53NS 
6 887.50 719.00 812.46 811.90 59.20NS 
. 
- Values are weekly means/treatment. 
- Means in the same row with different letters are statistically significant 
- *  = Statistically significant (P< 0.05). 
- NS= Not statistically significant. 
- SE= Standard error of the means. 
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Table (5): The effect of stocking density on weekly mean live weight 
of the experimental birds (g/bird). 
 
Treatments Week 
8 10 12 14 
S.E. 
1 81.3 86.7 88.8 89.3 20.160NS 
2 225.0 225.0 223.6 222.2 6.710 NS 
3 376.2 370.5 358.3 351.0 11.289 NS 
4 625.0 618.0 608.3 600.0 17.630 NS 
5 1076.4 1071.4 1041.7 1030.0 33.160NS 
6 1449.9 1430.0 1339.5 1382.1 24.980NS 
- Values are weekly means/treatment. 
- NS= Not statistically significant. 
- SE= Standard error of the means. 
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Table (6): The effect of stocking density on weekly mean live weight 
gain of the experimental birds (g/bird/week). 
 
Treatments Week 
8 10 12 14 
S.E. 
1 35.8 41.0 41.8 42.4 13.73NS 
2 143.7 138.3 134.6 132.9 4.93 NS 
3 151.2 145.5 134.7 128.8 16.78 NS 
4 248.8 247.5 250.0 249.0 8.12 NS 
5 451.4 453.4 433.3 340.0 23.72NS 
6 373.6 358.6 358.1 352.1 32.92NS 
- Values are weekly means/treatment. 
- NS= Not statistically significant. 
- SE= Standard error of the means. 
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Table (7): The effect of stocking density on weekly feed conversion 
ratio of the experimental birds (g feed/g weight gain). 
 
Treatments 
Week 
8 10 12 14 
S.E. 
1 4.3d 3.0c 1.9b 1.4a 0.64* 
2 1.1 1.2 1.2 1.0 0.45NS 
3 2.2 1.9 2.2 1.6 0.25NS 
4 2.0 2.0 1.9 1.8 0.25NS 
5 1.5 1.4 1.3 1.2 0.10NS 
6 2.3 2.0 2.2 2.3 0.36NS 
. 
- Values are weekly means/treatment. 
- Means in the same row with different letters are statistically significant 
- NS= Not statistically significant. 
- *  = Statistically significant (P< 0.05). 
- SE= Standard error of the means. 
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Table (8): The effect of stocking density on weights of some organs, 
and hot carcass characteristic of the experimental birds 
(g/bird). 
 
Treatments 
Parameter 
8 10 12 14 
S.E. 
Liver 34.22b 37.31c 30.66a 37.10c 0.73* 
Gizzard 39.10 36.87 39.33 38.44 2.12NS 
Shanks 65.77a 65.55a 74.66b 74.86b 1.88* 
Hot carcass 1135.09 1193.28 1189.96 1126.00 176.10NS 
Abd-fat 15.09 15.99 14.44 14.35 1.69NS 
Dressing % 68.49 69.23 68.40 65.98 2.82NS 
- Values are means / treatments. 
- Means in the same row with different letters are statistically 
significant. 
- * Statistically significant (P< 0.01).  
- NS= Not statistically significant. 
- SE= Standard error of the means. 
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CHAPTER FIVE 
DISCUSSION 
 
 The results of the present study revealed marked and significant 
effects of high stocking density on the performance of broiler chicks, 
grown to six weeks of age under open house conditions in Khartoum 
State. Stocking densities of 8, 10, 12 and 14 birds/m2 resulted in a 
significant progressive reduction in total feed intake with increasing 
stocking density accompanied with marked decrease in live weight 
gain and slight improvement in feed utilization efficiency. Similar 
effects were reported by numerous researchers for instance, the 
progressive decrease in feed consumption with increasing stocking 
density, was reported by Puron et al. (1995) and Feddes et al. (2002). 
This effect has been attributed to the high competition of birds for the 
sources of feed and water in addition to an overcrowding of birds 
around the available feeders. This situation would make it difficult for 
some birds to reach the feeders, and consequently will reduce the 
mean bird feed intake.  
 The accompanying decline in live weight and body weight gain 
of birds with increasing stocking density, are in agreement with results 
of Bolton et al. (1972), Shanawany (1988), Bilgili and Hess (1995) 
and Dozeir et al. (2005). This effect is attributed to the progressive 
decline in feed and nutrients intake due to increasing stocking density 
of birds, it is also related to a decline in the efficiency of nutrients 
utilization caused by the stress associated with overcrowding of birds.  
 Feed conversion efficiency was slightly improved by high 
stocking density. Similar results were obtained by Shanawany (1988) 
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and Soares et al. (1991). This effect was a result of marked decreases 
in total feed consumption accompanied with slight decrease in live 
weight gain with increasing stocking density. 
 The mortality rate was not affected by stocking density. These 
results are in general agreement with that of  Feddes et al. (2002) and 
Dozier et al. (2005). The overall mortality rate in the present study 
was in the range of 12.5 – 16.6%, and the highest rate, was recorded 
during the first three weeks of the experiment. This finding suggest 
that under high stocking densities birds will become lees tolerant to 
incidence to ambient temperature elevations.  
 The stocking density did not have effects on dressing out 
percentage, hot carcass weight, or weights of organs except for liver 
and shanks. Abdominal fat was markedly reduced at higher stocking 
densities, which is in line with drop in feed consumption rate whereas 
the excess hepitcal which could be attributed to hypertrophy that is 
expected to accompany the stress induced by the highest stocking 
density.   
 It has been observed, under the conditions of this experiment, 
that high stocking density did not have effects on the environmental 
conditions of the experimental house. There were no noticeable  
affects on litter moisture, production of ammonia, carcass defects or 
any signs of cannibalism or injuries. All these effects have been 
reported and proved to affect negatively chicken welfare, health and 
productivity. The absence of these effects may indicate that the 
stocking density used in the present study was not high enough to 
affect the house environment, or that the management practices 
adopted were adequate to maintain a proper house environment. 
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Slightly the elevation of ambient temperature was, however, noticed 
during the first three weeks of the experiment, which imposed slight 
stress on the experimental chicks, and affected their performance, and 
resulted in increased mortality. However, it has to be noted that the 
experiment was conducted during the summer months of April-June, 
which are commonly associated with prevailing high environmental 
temperature that would increase the heat load of the birds.  
 The total feed consumed per bird, was the lowest at the highest 
stocking density, giving the lowest feed cost. This effect, when related 
to the recorded highest feed utilization efficiency of the birds at the 
highest stocking density, gives the lowest cost of feed per kilogram 
live weight gain which is a credit.  
 The results of the present experiment indicated almost similar 
broiler performance on the different experimental treatments, despite 
the significant reduction in total feed consumption at higher stocking 
densities. Furthermore, better economic returns in term of cost of feed 
and production a good quality meat were obtained at higher stocking 
densities.  
 In addition, the housing conditions and the welfare of birds 
were not noticeably affected by the studied stocking densities (8, 10, 
12 and 14 birds/m2). These findings are, however, limited to the 
conditions of the present experiment, and cannot be advocated widely 
as stocking density is influenced by many variable factors, beyond the 
scope of this simple trial. 
 It is also important to be noted that the conditions of an open 
sided poultry house in the Sudan are much influenced by the outside 
environmental conditions, particularly environmental temperature, 
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humidity, and wind velocity and direction. These conditions will 
affect any recommendations to be made for optimum birds density 
under open housing system. 
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